The music of expert musicians reflects the speech rhythm of their native language. Here, we examine this effect in amateur and novice musicians. English-and French-speaking participants were both instructed to produce simple "English" and "French" tunes using only two keys on a keyboard. All participants later rated the rhythmic variability of English and French speech samples. The rhythmic variability of the "English" and "French" tunes that were produced reflected the perceived rhythmic variability in English and French speech samples. Yet, the pattern was different for English and French participants and did not correspond to the actual measured speech rhythm variability of the speech samples. Surprise recognition tests two weeks later confirmed that the music-speech relationship remained over time. The results show that the relationship between music and speech rhythm is more widespread than previously thought and that musical rhythm production by amateurs and novices is concordant with their rhythmic expectations in the perception of speech.
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Language and Speech work suggests that there is substance to these metaphorical and analogical relationships (for reviews see Besson, Chobert, & Marie, 2011; Kraus & Chandrasekaran, 2010; Patel, 2007) . Much of the evidence for similarities between the two domains has focused on pitch (e.g., Deutsch, 1997; Deutsch, Henthorn, & Lapidis, 2011; Deutsch, Henthorn, Marvin, & Xu, 2006; Magne, Schon, & Besson, 2006; Tierney, Dick, Deutsch, & Sereno, 2013) . Less work has examined links in rhythm, perhaps because of the relative difficulties in precisely measuring and specifying speech rhythms.
However, one line of work has shown that there may be more than metaphor that ties the two domains together rhythmically. Patel and Daniele (2003) analyzed over 300 pieces of classical instrumental music by French and English composers. They compared stress patterns in the music and language using a normalized Pairwise Variability Index (nPVI), which gives a measure of the average contrast in duration between successive syllables or musical notes. Their results showed that, although there was variability in the rhythmic patterns of individual pieces, the rhythm in the music generally reflected the rhythmic stress patterns, or "prosody", of the native languages of the composers. Even though the acoustic correlates of these categories are still highly debated (see Grabe & Low, 2002 , Ramus, Nespor, & Mehler, 1999 White, Mattys, & Wiget, 2012) , French has traditionally been characterized as a "syllable-timed language" with less variability in the duration of successive syllables, whereas English, considered a "stress-timed language", has a more variable rhythmic pattern (Abercrombie, 1967; Pike, 1945) . Huron and Ollen (2003) showed that this link between composed music and speech rhythms exists across many cultures, replicating the finding with over 7000 pieces of music from 12 different languages. More recent work has even found that musical rhythms produced by musicians with the same native language correspond to the different speech rhythms of their different dialects (McGowan & Levitt, 2011) .
As striking as these results are, the samples examined in these studies leave the broader question of the generalizability of the rhythmic relationship between music and speech somewhat unanswered. Classical composers and professional musicians constitute a small and highly specialized population. They have extensive musical training and develop expertise and an elaborate cognitive musical framework or schema that enables them to perceive, organize, and produce music in a way that novices do not (Abe & Hoshino, 1990; Halpern & Bower, 1982; Jordan & Shepard, 1987) . Musicians have even been shown to have advantages in processing some low-level aspects of the speech signal (Marie, Kujala, & Besson, 2012; Sadakata & Sekiyama, 2011) .
However, making music has generally been a more egalitarian and social endeavor practiced by a much larger proportion of society than a select group of expert musicians. It may be that rhythmic links between music and speech are far more widespread, occurring in amateur and novice musicians as well as experts. For example, recent work has shown that participants with only modest levels of musical experience can correctly classify English and French musical rhythms, even when the two classes are given fictional names (Hannon, 2009 ).
Here we hypothesized that among amateur and novice musicians, native language would influence both the perception of speech rhythm and the rhythmic variability produced under two different language instruction conditions. Specifically, we predicted that a non-native language of another rhythm class would be perceived as more rhythmically variable than a native language regardless of the actual rhythms inherent in the speech samples. We based this hypothesis on previous work that has shown evidence for "language-specific listening" (Cutler & Otake, 1994; Pallier, Christophe, & Mehler, 1997) . This work shows that listeners are adept at perceiving and exploiting the perceptual regularities (e.g., rhythmic pattern) of their own language in order to effectively process speech. However, when listening to an unfamiliar language, they can apply these native language perceptual abilities inappropriately. For example, native English speakers have an expectation for stress-timed speech rhythms that can facilitate native language comprehension and intelligibility (Quene & van Delft, 2010) . However, "listening in English" to a syllable-timed French speech sample may produce violations of these rhythmic expectations and produce higher estimates of speech rhythm variability for the unfamiliar language. Moreover, some work has shown culturally specific advantages in processing familiar versus unfamiliar rhythms (Hannon, Soley, & Ullal, 2012; Nazzi, Jusczyk, & Johnson, 2000) .
Our second hypothesis was that participants with limited musical expertise would produce simple musical tunes that matched in rhythm their perception of the rhythm of the familiar and unfamiliar languages. We expected participants to produce tunes with greater rhythmic variability when instructed to do so in a non-native language. For example, if English-speaking novice musicians are asked to compose a "French" tune we expect greater variability than if they are instructed to compose in their native English.
These instructions and the open-ended nature of the task leave open the possibility that participants may rely on non-linguistic information to produce their tunes. However, we wanted to avoid strongly invoking language-based contrasts (e.g., providing model exemplars of English and French speech on which participants could base their tunes). In this way we could examine rhythm production without overtly influencing participants to rely on language-based rhythm production. The drawback to this approach is that it leaves open a determination of exactly what mechanisms listeners use to produce novel musical rhythms. The advantage is that it provides a more ecologically valid rhythm production situation. This manipulation brings us closer to conditions used in previous work on classical composers (Huron & Ollen, 2003; Patel & Daniele, 2003) . These composers were free to produce any rhythms that they chose. However, we have no idea on what these rhythms are based other than our knowledge of the native language of the composers. In the current work we have not only knowledge of the participants' native language, but also a measure of their perception of speech rhythms in their own and an unfamiliar language.
Testing the production of musical rhythm among non-musicians poses a challenge that we met with a novel methodology. We wanted something that approximated true musical production (e.g., not just finger tapping), but something simple enough that it would not be intimidating. Thus, we asked our native English-speaking and native French-speaking amateurs and novices to use two keys on a computer keyboard to create and record simple "two-note tunes". We chose the two-notetune method because it provided a relatively simple (somewhat) musical means by which music novices could compose musical rhythms without being intimidated by an unfamiliar musical instrument. Tunes were limited to two notes in an effort to force participants to rely more on rhythmic than melodic characteristics in a later recognition task. Participants could alternate between the two notes as often as they liked and in any rhythm that they desired.
Each participant created two different tunes, one which they were instructed to make a "French" or an "English" song. Two days later the same participants listened to French and English speech samples and rated the perceived variability in rhythmic syllable stress. Finally, two weeks after the initial session, participants were given a surprise recognition task and asked to pick the songs that they had earlier produced from foil songs selected from the rest of the sample.
Method

Participants
Native English-speaking participants were 18 female and six male undergraduate students living in the United States who ranged in age from 18 to 22 years. All were native speakers of American English and did not speak French. Some had limited experience playing a musical instrument ( x years = 5.1, SD = 3.8). None were college music majors or professional musicians. All received course credit for participation.
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Native French-speaking participants were 21 female and three male students living in Montreal, Canada, who ranged in age from 18 to 31 years. All were native speakers of French and spoke French as their primary language at home, school, and work. All grew up in a household where French was the primary language and both parents were native speakers of French. All had received some English language instruction beginning at a mean age of 9.7 years (SD = 1.75). Some had limited experience playing a musical instrument ( x years = 6.4, SD = 3.3). None were college music majors or professional musicians. They received a monetary compensation for participation.
1.2 Design and procedure 1.2.1 Musical rhythmic production. Our novice participants found the "two-note-tune" task to be a non-threatening way to produce musical rhythm. They were instructed to create two-note tunes using only two adjacent keys on a computer keyboard. Pressing the keys produced synthesized piano sounds at C4 (261 Hz) and D4 (293 Hz) respectively. Tunes were recorded using a software-based MIDI sequencer without a metronome or any specified tempo. Englishspeaking participants were instructed to compose two songs, one of which was to be a "French" song and the other was to be a "regular" song. As a conservative measure, we avoided calling the other condition "English" so as not to draw explicit attention to a language-based contrast between the conditions (or suggest a British theme). Similarly, French-speaking participants were instructed to produce two songs, one of which had to be "English" and the other which was to be "regular". It is important to note that we specifically did not elaborate on these instructions. We did not want to guide our participants into consciously producing specific "language-based" musical rhythms. Rather we were interested in whether participants would naturally produce language-based rhythms in the absence of elaborate musical schemata. All participants were tested in their native language. Participants were given one minute of rehearsal to familiarize themselves with the task, and any questions that they had were answered. We then recorded their simple two-note tunes of up to 30 seconds in duration. Half of the participants were instructed to produce the tune from their native language first. The nPVI value for each tune was calculated following Patel and Daniele (2003) using the inter-onset interval (IOI) of each note as the unit of analysis: where m is the number of intervals in a sequence and d k is the duration of the kth interval.
Perception of rhythm in speech.
We conducted the second part of the experiment two days after the first session to avoid drawing immediate parallels between music and speech rhythms. Participants rated the rhythmic variability of speech samples on a scale of 1-100 after listening to metronomic examples of rhythmic variability where the endpoints of the scale were illustrated by click tracks. A "temporally regular" rhythm was illustrated by isochronous clicks with 500 ms IOIs. A "variable" rhythm was illustrated by a random pattern of clicks with IOIs that ranged from 100 to 900 ms. Participants rated two French samples and two English samples with one male and one female voice in each language. All speech samples were recorded from radio news programs. Speech samples were approximately 11 s in duration and each language was matched for an equal number of syllables. Average nPVI was 52.2 for the English speech samples and 35.5 for the French speech samples.
Recognition task.
In surprise recognition tasks two weeks after the initial session, participants were required to identify their tunes from foil tunes in two two-alternative forced choice (2AFC) tasks. All of the participants' tunes served as a target and a foil once in each language condition. For example, Participant 1 heard his or her target tune paired with the tune of Participant 2, used as a foil. Participant 2 heard his or her target tune with Participant 3's tune used as a foil, etc. Foils and targets were always from the same language condition. For the recognition task, all tunes were truncated to the first 10 s to avoid cues to identity based on length. Participants clicked icons on a computer screen to hear the two alternatives in headphones. Half of the participants were tested on the native language tune first.
Results
Musical rhythmic production
The mean nPVI values for the tunes in each condition are shown in Figure 1 . We conducted a 2×2 mixed analysis of variance (ANOVA) with the within-subjects factor "Tune Language" (English/ French) and the between-subjects factor "Participant Language" (English/French). The main effect for Participant Language was not significant (F (1, 46) = .47, p = .50). We found a significant main effect for Tune Language (F (1, 46) = 10.78, p = .002), indicating that French tunes (M = 57.1, SD = 17.0) were more rhythmically variable than English tunes (M = 49.7, SD = 13.6). However, this main effect was driven primarily by a significant interaction between Native Language and Tune 6
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Language (F (1, 4) = 6.26, p = .016). Post hoc comparisons showed that English-speaking participants produced tunes that were significantly more variable in the "French Tune" condition (t (1, 23) = 3.38, p = .003). There was no significant difference in rhythmic variability between the instruction conditions for the French-speaking participants (t (1, 23) = .75, p = .75).
Perception of rhythm in speech
The mean perceived rhythmic variability for the speech samples in each condition are shown in Figure 2 . We conducted a 2×2 mixed ANOVA with the within-subjects factor "Talker Language" (English/French) and the between-subjects factor "Participant Language" (English/French). Main effects for Talker Language (F (1, 46) = .006, p = .94) and Participant Language (F (1, 46) = .021, p = .88) were not significant. However we found a significant interaction between Talker Language and Participant Language (F (1, 43) =10.98, p = .002). English-speaking participants found the Frenchlanguage samples significantly more variable than the English samples t (1, 23) = 2.89, p = .008). However, for French-speaking participants (who had more exposure to English than our Englishspeaking participants had to French) the difference in the rhythmic variability of English and French did not reach statistical significance t (1, 23) = 1.99, p = .06 (but was clearly a trend).
Recognition task
In the delayed recognition tests participants heard a recording of a tune that they had produced (two weeks prior) along with matched-language foil tunes selected from the sample. They were asked to choose which of the two tunes was theirs. Separate recognition tasks were performed for both the French and English tunes. One French-speaking participant failed to return for the recognition task, so the French data were analyzed with an N =23. English-speaking participants recognized their own two-note tunes at rates significantly above chance levels for both English (83%, χ 2 (1) = 5.33, p < .05) and French (88%, χ 2 (1) = 6.75, p < .05) compositions. The difference between recognition of French and English compositions was not significant. French-speaking participants also identified their own two-note tunes at rates significantly above chance levels for both English (91%, χ 2
(1) = 7.85, p < .05) and French (82%, χ 2 (1) = 4.89, p < .05) compositions. The difference between recognition of French and English compositions for French speakers was also not significant.
Discussion
Our results show that in the absence of a complex cognitive musical schema provided by a lifetime of study and expertise, amateur and novice musicians produce musical rhythms that mirror their perception of the rhythm of a familiar and an unfamiliar language. Native speakers of English and French who had little musical training produced musical rhythms that matched their rhythmic perception of the English and French languages. When asked to produce a French two-note tune, English-speaking participants produced greater rhythmic variability than they did when asked to produce a "regular" tune. This pattern of results mirrors exactly the perception of speech rhythm that the English-speaking participants exhibited when asked to rate the rhythmic variability of French and English speech samples. Despite the greater objective rhythmic variability of the English speech samples, English speakers perceived French as more rhythmically variable and produced "French" and "English" musical rhythms that reflected this linguistic perception. Although our Englishspeaking sample had little exposure to French speech rhythms, previous work has shown that such participants can readily classify English and French rhythms (Hannon, 2009) .
Our French-speaking participants had some familiarity with English, and this is also reflected in our results. French speakers produced English and "regular" tunes that did not differ in their rhythmic variability. Similarly, they did not rate French and English speech samples as being significantly different in rhythm. Thus, for our French-speaking participants, rhythmic production was also largely concordant with their perception of speech rhythms of English and French. However, Frenchspeaking participants showed a non-significant trend to perceive French speech as more regular than English speech. This pattern is opposite that produced by our English-speaking participants and may reflect the greater familiarity that French participants had with French than with English.
There are at least two plausible explanations for the differences in perceived speech rhythm variability across languages. Participants may simply perceive a non-native language as more variable because it is unfamiliar. The well-engrained rhythmic expectancies that are present in one's native language are violated when listening to a language with a different rhythmic pattern. This may produce greater perceived rhythmic variability (Cutler & Otake, 1994; Pallier et al., 1997) . Thus, even though English has greater rhythmic variability than French, English may sound less variable to native speakers because they know what to expect rhythmically. Our French-speaking sample had more exposure to English than our English-speaking sample had to French. If exposure to a particular language influences rhythmic expectations and in turn the perception of rhythmic variability, then the pattern of results for our French-speaking participants would be expected.
Another possibility is that when rating the rhythmic variability of speech samples, participants are attending to the semantic message in their native language and therefore spend less attention to the rhythmic variability. Attention to semantic information occurs automatically even when it is not required (Connolly, Stewart, & Phillips, 1990) . The inability to attend to the message of the unfamiliar language may allow listeners to spend more of their attention on the rhythmic characteristics of the speech signal. Of course, these two possibilities are not mutually exclusive and may both contribute to our findings. Future work on rating speech variability should tease out the effects 8 Language and Speech of attending to semantics on the perception of rhythmic variability (e.g., with low-pass filtered speech).
The production of these novel tunes appears to be based on a relatively stable rhythmic representation. The surprise recognition test two weeks after producing the tunes showed that despite extremely limited melodic information and no advanced knowledge of a recognition test, both English-and French-speaking participants could identify the tunes that they had composed with high rates of accuracy.
A limitation of the current work is that it is possible that when asked to produce novel tunes, our participants simply played the rhythm to a tune that was familiar to them or followed the rhythm of lyrics to a familiar song. However, this is unlikely for several reasons. Firstly, this would not explain the significant interaction between native language and instruction conditions for the tunes they produced. Moreover, it would be a very difficult task for novices to imagine one familiar tune while playing (and listening to) a melody that did not match the one they were imagining. Finally, when one listens to the tunes produced by these musical novices, it becomes quickly apparent that the organized rhythmic structure of any familiar tune is sorely lacking.
It should be noted that this "linguistic limitation" is also one that should be extended to the previous work with experts (Huron & Ollen, 2003; McGowan & Levitt, 2011; Patel & Daniele, 2003) . Although these previous researchers were careful to exclude music with lyrics from their analysis, it is impossible to tell whether any linguistic phrases were in the minds of the composers as they wrote. That the work was composed without lyrics does not necessarily mean that it was not influenced by linguistic phrases. In fact, the direct influence of language could even be more likely in the data on experts. The experts at the very least had more time to contemplate the rhythms that they wrote than our participants, who had to spontaneously perform.
Although it is tempting to compare our results with amateur and novice musicians to the data on experts (Huron & Ollen, 2003; Patel & Daniele, 2003) to examine expertise differences, our methods and data do not permit a stringent direct comparison. The subjects of the research on expert composers were simply composing music. They were not instructed to compose "in a language" as our participants were. Moreover, they were not specifically asked to contrast their native language composition with an unfamiliar language. There may also be important differences between the "pensive composition" of music and spontaneous rhythmic production of a two-note tune. Nonetheless, our results are consistent with this previous work in that we do find evidence of a rhythmic relationship between music and language, even among amateurs and novices.
In a broader sense, our results are consistent with a common foundation for music and speech. Although the evolutionary origins of music and vocal communication are speculative at best, a link between the two has long been proposed (Darwin, 1871; Fenk-Oczlon & Fenk, 2009; Patel, 2006) . Previous work shows evidence for this link among experts (Huron & Ollen, 2003; McGowan & Levitt, 2011; Patel & Daniele, 2003) . Our results suggest that this phenomenon may extend far beyond the population of expert musicians and be present in participants with little to no musical training.
